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EXPOSURE DEVICE FOR COLOR CRT
MANUFACTURE AND A COMPOUND
CORRECTIVE LENS THEREFOR

This application is a continuation of apphcation Ser.
No. 07/552,095 filed on Jul. 13, 1990, now abandoned.

FIELD OF THE INVENTION

The invention relates to a light exposure device for
use in lithography in the manufacture of CRTs, and
more specifically to compound corrective lens for the
light exposure device. The device 1s especially related
to compound corrective lenses for light exposure de-
vices used to create tricolor fluorescent dot patterns on
‘the inner surface of face panels of shadow-mask type

color CRTs.
BACKGROUND OF THE INVENTION

Tricolor fluorescent dot patterns are formed on the
inner surface of a color cathode ray tube (hereinafter
referred to as “CRT”) by means of lithography. The
light exposure in this lithography 1s conducted using a
light exposure device. In this light exposure device, the
exposure light ray is made to assume the same path as
the path which the electron beam will assume when the
manufactured CRT is in operation.

FIG. 3 is a simplified frontal view of a typical light
exposure device for the manufacture of color CRTs. As
illustrated, a support frame 1 comprises a left support
wall 1¢ and a right support wall 1b. Support platforms
2a, 2b, 2c, and 2d are connected to support frame 1 at
specific vertical spacings. A light source 4 1s secured to

the top of support platform 2a through a mounting

fixture 3. Inside of a case 4a of a light source 4 is a linear
light source §, such as a linear very-high-pressure mer-
cury lamp, and a light-transparent slit 7, having a regu-
lator window 7a that regulates a radiation angle of an
exposure light ray 6’ radiated from linear light source 3.

A light intensity correction filter 8 i1s mounted on
support platform 2b.

A pair of compound corrective lenses 9 and 10 are
mounted on support platforms 2c and 2d, respectively,
in such a way that the positions of these two lenses may
be adjusted. The corrective lenses 9 and 10 have a func-
tion of deflecting light and serve to make the path of the
~exposure light ray as close as possible to the path of the
electron beams of the manufactured CRT.

A color CRT face panel 11 is placed, inside-surface

down, and substantially at the center of support plat-

form 2e. A photo-sensitive layer 12 on the inside of face
panel 11 is created by first applying a slurry containing
a fluorescent substance dispersed in a photo-sensitive
resin and then drying. A shadow-mask 13 is placed at a
specific distance from and in opposition to photo-sensi-
tive layer 12. Shadow mask 13 is detachably fit on face
panel 11. |
In the above configuration, the radiation angle of
exposure light ray 6 from linear light source 3 1s regu-
lated at regulator window 7a of light-transparent shit 7.
Light intensity is corrected at light intensity filter 8.
Furthermore, exposure light ray 6 i1s corrected to coin-
cide with a path of an electron beam by compound
corrective lenses 9 and 10, passes through shadow mask
13, and strikes photo-sensitive layer 12 on the 1nside
surface of face panel 11. Photo-sensitive layer 12 is

thereby exposed.
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As the compound corrective lenses 9 and 10, lenses
having multiple lens elements, each of which has a
single continuous surface, are used. These compound
corrective lenses 9 and 10 thereby have compound
surfaces. More specifically, the compound lens has its
surface divided into a plurality of regions, and in each
region the surface is continuous, either flat or curved.
Along the boundaries between adjacent regions, the
surface is discontinuous and there are steps at these
boundaries. Each of the regions is formed of a lens
element having a single continuous surface which 1s
either flat or curved.

FIG. 4 shows an area of a prior-art compound correc-
tive lens used in a light exposure device as described
above. In the illustrated example, a lens element 104’
toward the outside (farther away from center of the
compound lens) is thicker than an adjacent lens element
106’ toward the inside. The exposure light beam 6 1s
thereby blocked by a light absorbing layer 15 formed on
the step at the boundary between the lens elements 10¢’
and 105’ (the light absorbing layer 15 is formed to avoid
emission of a light ray which has passed through (and 1s
refracted at) the surface of the step). As a result, a rela-
tively large unexposed region 12a is formed on photo-
sensitive layer 12. For this reason, toward the outer
boundary of each lens element (i.e., the boundary of
each lens element with the adjacent lens element on the
outer side), there is an area which is not utihized for the
correction of the path. |

Thus, the effective surface area of the lens element 1s
reduced. This limits design flexibility (degree of free-
dom), requires the use of lens elements having curved
surfaces that may be hard to manufacture, and makes
setting of lens elements more difficult.

SUMMARY OF THE INVENTION

The invention seeks to solve these problems of the
prior art, and, has as one of its purposes, providing a
compound lens which has an increased effective surface
area of a lens element, and which allows an increased
degree of freedom for the design of curved surfaces of
lens elements. |

A compound corrective lens of the invention in a
light exposure device for the manufacture of color
CRTs comprises a plurality of lens elements, each hav-
ing an elementary surface forming, in combination, a
compound surface on an exit side of the lens, with steps
formed at the boundaries between adjacent lens ele-
ments to connect edges of the elementary plurality of
elementary surfaces of said adjacent lens elements. The
surfaces are so arranged that the steps sequentially fall
from the elementary surface of the lens element closest
to the optical axis of the lens, to the elementary surface
of the lens element farthest from the optical axis.

Because of the above arrangement, an effective sur-
face area of a curved surface of each lens element is
increased.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a top view of a compound corrective lens in
a light exposure device for the manufacture of color
CRTs, embodying the invention. |

FIG. 2 is a sectional view across the x- and z-axes of
the compound corrective lens of FIG. 1.

FIG. 3 is a front view of a typical hight exposure
device for the manufacture of color CRTs.

F1G. 4 is a partial sectional view of a prior-art com-
pound corrective lens.
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FIG. §1s a chart showing a relation between effective

surface area of a lens and slant of the lens surface.
FIG. 61s a diagram depicting paths of light rays when
a compound corrective lens of the invention 1s used.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

One embodiment of the invention will now be de-
scribed with reference to the Figures.

The overall structure of the light exposure device of
an embodiment according to the invention is identical
to that shown 1n and described with reference to FIG.
3.
- FIG. 1is a top view of a compound corrective lens 10
according to the invention as utilized in the light expo-
sure device for the manufacture of color CRTs. FIG. 2
1s a sectional view across the x- and z-axes of the com-
pound corrective lens of FI1G. 1. Axis z in the Figures 15
also the optical axis of the compound lens. The positive
z-axis points toward the face panel.

In FIG. 2, the right side is the incident side which
faces the light source when the compound lens i1s assem-
bled in the exposure device, and the left side 1s the exit
side which 1s opposite to the light source when the
compound lens i1s assembled in the exposure device.

In these Figures, a compound corrective lens 10 com-
prises lens elements 10z through 10g, having elementary
surfaces 12a to 12g each of which consists of a single
continuously-curved surface and which, in combina-
tion, form a compound surface on the exit side of the
lens. The compound surface includes steps 11a to 11/ at
the boundaries between all pairs of adjacent lens ele-
ments to connect edges of the elementary surfaces 124
to 12¢ of the adjacent lens elements. |

The elementary surfaces are so arranged that the
steps sequentially fall from the elementary surface of the
lens element (e.g.. 10¢) closest to the optical axis z of the
lens to the elementary surface of the lens element (e.g.,
105) farthest from the optical axis.

The surface 13 of the compound lens on the incident
side of the lens, which is the assembly of the elementary
surfaces 13a to 13g of the lens elements on the incident
side of the lens, is continuous and flat.

In the illustrated embodiment, the compound correc-
tive lens 10 consists of multiple regions divided along
lines parallel with each other, and parallel to one (axis x)
of the orthogonal axes (axis x and axis y) which are
orthogonal to the optical axis (axis z) of the lens. More
specifically, the boundaries or joining surfaces 14a to
14/ between the lens elements are flat surfaces parallel
with each other, and parallel with the optical axis z of
the compound lens. The boundaries 14a to 14/ between
adjacent lens elements extend parallel with each other,
and the lens elements extend across the compound lens.

For all pairs of adjacent elements 10z to 10g joined at
joining interfaces 14q to 14/ between them, the one
(e.g., 10c) farther from the optical axis of the lens is
thinner than the one (e.g., 10b) closer to the optical axis
Z. |
The steps are covered with opaque layers, which are
light-absorbing layers 16a to 16/

Compound lens 9 has a configuration similar to that
of the compound lens 10.

With this arrangement, exposure light ray 6 travels as
shown in FIG. 6 (as opposed to the travel of exposure
light ray 6 shown in FIG. 4), thereby allowing the en-
tire inner curved-surface 16 to be utilized as a correc-
tion surface. As a result, the effective surface area of a
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lens element i1s increased. This thereby allows, as de-

scribed before, distortion (roughness) of its corrective
curved-surface to be suppressed.

Now the effect of enlarging the effective area on the

elementary surface of each lens element of the com-
pound lens 1s discussed.
- The degree of corrective capablllty of a lens element
1s determined by the slope of the lens element surface at
each point on a curved surface of that lens element (as
demonstrated below), the larger the effective surface
area of a lens element, the better the lens, less distortion
(roughness) of its curved-surface.

FIG. § shows a view of an x-axis/z-axis planar section
of a compound corrective lens. In the Figure, curve-a
represents a curve of a lens element with a large effec-
tive surface area; curve-b represents a curve of a lens
element with a small effective surface area. (For sim-
plicity, curve-a and curve-b are depicted as continuous
slopes (straight lines) in this explanatlon) The Figure is
to be mterpreted as follows:

The z-axis shows lens thickness;

Lens thickness at points P} and P> are equal (thick-

ness=2z1)

|Xx2—X0} < |X1—X0]

6, is the slope of surface-a; 0 is the slope of surface-b;
Here, since

|xo—x1| < {x1—xp]

and

|20—21]/|x2—x%0] > {z0—211/{ X1 —x0]
therefore

tan~!(}zg—zi|/|x2—x0])

>tan~ (jzo—211/|x1—x0!)

therefore

0,>0,

From FIG. § and the above relations, it 1s seen that a
lens element with a large effective surface area has a
surface-a that 1s less distorted (rough).

As described above, the invention allows the effec-
tive surface area of a curved surface of a lens element to
be increased by configuring lens elements, each having
a single continuously curved surface, together compris-
ing one compound corrective lens, and each occupying
a region parallel to the x-axis of that compound correc-
tive lens, in such a manner that an outer element 1s
thinner than its inner element at the contact surface
between the two. |

Increasing the effective surface area of a curved lens-
element surface in this manner suppresses distortion
(roughness) of that surface and allows for the provision
of easy-to-manufacture, easy-to-set compound correc-
tive lenses.

What 1s claimed 1s:

1. A compound corrective lens for a light exposure
device used in the manufacture of color cathode ray
tubes, comprising:

a plurality of adjacent reglons arranged in parallel in

~a first direction, each region including a lens ele-
ment having a single continuously curved surface,
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wherein the plurality of adjacent lens elements
monotonically decrease in thickness as distance
from an optical axis of the lens increases.

2. The compound lens of claim 1, wherein a surface
on an incident side of the lens is continuous.

3. A compound corrective lens for a light exposure
device used in the manufacture of color CRTs, compris-
Ing: |

a plurality of adjacent lens elements arranged in par-

allel in a first direction, each having an elementary
surface forming, in combination, a compound sur-
face on an exit side of the lens, with steps formed at
the boundaries between adjacent lens elements to
connect edges of the elementary surfaces of said

th

10

adjacent lens elements, wherein the plurahty of 15

elementary surfaces are arranged so that the steps
sequentially fall from the elementary surface of the
lens element longest in a second direction, perpen-
dicular to the first direction, and closest to the
optical axis of the lens, to the elementary surfaces
of the lens elements shortest in said second direc-
tion and furthest from the optical axis of the lens.

4. The compound lens of claim 3, wherein a surface
on an incident side of the lens is continuous.

5. The compound lens of claim 4, wherein each of the
boundaries are flat surfaces arranged in parallel.

6. The compound lens of claim §, wherein the bound-
aries are arranged in parallel with the optical axis of the
compound lens.

7. The compound lens of claim 3, wherein a surface
on an incident side of the compound lens is flat.

8. The compound lens of claim 3, wherein said
boundaries between adjacent lens elements extend par-
allel with each other and said plurality of lens elements
extend from one edge to an opposite edge of said com-
pound lens.

9. A light exposure device for use in the manufacture
of color CRTs, comprising:

a hight source;

a support frame for supporting a face panel of a color

CRT at a position to receive light from said light
source;
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a compound corrective lens having an incident side
facing said light source and an exit side facing said
face panel for deflecting light from said light
source to said face panel along a path identical to
that of an electron beam which will travel when a
manufactured color CRT is in operation;

said compound corrective lens including a plurality
of lens elements arranged in parallel 1n a first direc-
tion, each having an elementary surface, forming,
in combination, a compound surface on the exit
side of the lens, with steps formed at the boundarnes
between adjacent lens elements to connect edges of
the elementary surfaces of said adjacent lens ele-
ments, wherein the plurality of elementary surfaces
are-arranged so that the steps sequentially fall from
the elementary surface of the lens element longest
in a second direction, perpendicular to the first
direction, and closest to the optical axis of the lens,
to the elementary surface of the lens elements
shortest in said second direction and furthest from
the optical axis of the lens.

10. The device of claim 9, wherein a surface on the

incident side of the lens is continuous.

11. The device of claim 9, wherein the boundaries are

flat surfaces arranged in parallel. |

12. The device of claim 11, wherein the boundaries

are arranged in parallel with the optical axis of the
compound corrective lens. |

13. The device of claim 9, wherein a surface on the

incident side of the compound corrective lens is flat.

14. The device of claim 9, wherein said boundaries

between adjacent lens elements extend parallel with
each other and said plurality of lens elements extend
from one edge to an opposite edge of said compound
corrective lens.

15. The device of claim 14, wherein the light source

COMPrises:

a linear light source; and

a light transparent slit having a regulating window,
for regulating a radiation angle of an exposure light

radiated from the linear light source.
s * ¥ * %
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